Objective To describe outbreaks of sarcoptic mange caused by Sarcoptes scabiei in free-ranging koalas in Victoria (December 2008 to November 2015 and South Australia (October 2011 to September 2014).
S arcoptic mange, caused by the mite Sarcoptes scabiei, has caused outbreaks in populations of wild canids, felids, ungulates and primates in Europe, North America and Africa. 1 Sarcoptic mange has been reported sporadically in a limited number of Australian native species 2 and it is recognised as a significant disease in common wombats (Vombatus ursinus). 3, 4 In wombats, sarcoptic mange causes severe parakeratotic scale and dermatitis covering more than 30% of the body, particularly the anterolateral body, and is associated with poor body condition, secondary dermal bacterial infection, myiasis and death. 5 Although the first record of sarcoptic mange in wombats dates back to 1818, the first outbreak in freeranging common wombats was recorded in New South Wales in 1937. 3 Currently, mange occurs endemically at 0-15% prevalence in common wombat populations throughout south-east Australia and the mite is thought to be spread between wombat populations by infected foxes or dogs. 6 Confirmed outbreaks of sarcoptic mange have also occurred in the southern hairy nosed wombat (Lasiorhinus latifrons) in the Murraylands of South Australia, with variable prevalence (0-76%) found between year and site in a study conducted between 2004 and 2005. 7 Sarcoptic mange has been observed rarely in L. latifrons between 2011 and 2015 (Woolford and Boardman, unpubl. obs.).
Sarcoptic mange has rarely been observed in captive and freeranging koalas (Phascolarctos cinereus). 8 The first case was reported in a captive juvenile koala in Victoria in 1974, with a wombat implicated as the source of infection. 9 An outbreak of sarcoptic mange in a captive koala colony in 1980 was associated with koala deaths and was thought to have been introduced by a wild koala brought into captivity. 10 In a subsequent study, two free-ranging koalas on Phillip Island, Victoria, were confirmed to have sarcoptic mange.
11 These animals showed dry, pruritic, encrusted lesions, particularly affecting the face, nose and lips but also generally over the entire body, with exudative cracks on their digits and paws.
11
Koalas in Victoria are currently widely distributed in areas of suitable habitat, but were near extinction in the early 20th century. At that time, small numbers of koalas were translocated to island sanctuaries in an attempt to protect the species. These island populations flourished and some koalas were later either returned to mainland Victoria or translocated to South Australia, where koalas had become extirpated. 12 As a result of these translocations, South Australian koalas are primarily descendants of those in Victoria.
Here we describe outbreaks of sarcoptic mange in free-ranging koalas from Victoria and South Australia. Samples of affected skin were collected into 10% neutral buffered formalin, processed by routine histological techniques and stained with haematoxylin and eosin for microscopic examination. Mites from representative cases were cleared in Hoyer's medium and their identity as S. scabiei confirmed microscopically. 13 Representative specimens of S. scabiei from affected koalas have been deposited in the South Australian Museum, Adelaide. Chi-squared analyses were used to detect differences between groups, with statistical significance accepted at P < 0.05.
Materials and methods

Koalas
Results
Victoria
The first case of sarcoptic mange was identified in an adult female koala from Ulupna Island, on the Murray River in northern Victoria (Figure 1 ), that underwent a veterinary assessment in December 2008 at Healesville Sanctuary. The koala was dehydrated, malnourished and had hyperkeratosis with deep fissures on both forelimbs, with scabs continuing up the neck and ventral mandible. A skin scraping taken at the time of examination confirmed the presence of S. scabiei mites. Because of the poor prognosis the animal was euthanased. In February 2009 another affected koala was found a few kilometres further south of the Ulupna Island site, north of Strathmerton. In March 2010, a wildlife carer reported three dead koalas with mange-like lesions within 500 m of each other on Ulupna Island. Between December 2008 and May 2010 a total of seven koalas were reported with sarcoptic mange in this area (Table 1) .
Following the cases on Ulupna Island, koalas with sarcoptic mange were identified from other locations (Jeeralang Junction in Gippsland; Bullengarook in central Victoria). Sporadic cases were also seen between 2011 and mid-2013 in western Victoria (Portland, Wye River, Mt Eccles) and at Somers on the Mornington Peninsula. Between November 2013 and January 2015, 10 koalas with mange were necropsied from areas south of the Murray River near Ulupna Island (Mywee and Koonoomoo). In 2014 and 2015 there were several koalas with mange reported by wildlife carers from Sandy Point on the south-east coast; three were necropsied. Overall, a total of 29 cases of sarcoptic mange were identified across Victoria between 2008 and 2015: 15 were males, 9 were females and the remainder were unrecorded.
South Australia
The first confirmed case of sarcoptic mange in South Australia was in a sub-adult male rescued in the suburb of Glenalta on the southern border of the Belair National Park in the Mount Lofty Ranges (Table 2 ). In 2013, there were 7 reported cases, 6 of which were within approximately 8 km of the index case, and in 2014, a further 13 cases were confirmed within approximately 12 km of the index case. Overall, a total of 29 cases of sarcoptic mange were identified in the Mount Lofty Ranges region of South Australia between 2011 and 2014: 18 were males, 9 were females and the remainder were unrecorded.
Pathology
At necropsy, affected koalas had severe hyperplastic and hyperkeratotic dermatitis on the distal forelimbs and/or hindlimbs (Figure 2) , usually involving the interdigital regions, with some also showing similar lesions on the face and sternum, ventral thorax and abdomen. Gross presentation was characterised by skin thickening, crusting and deep fissures into the dermis from which originated serosanguineous fluid. Numerous mites were detected on superficial skin scrapings (Figure 3) . Adult mites measured up to 450 μm in length, had round or globoid bodies, very short legs and a posteriorly positioned anus and numerous dorsal triangular spines. Lymphadenomegaly of the nodes draining affected skin regions was noted in a number of koalas. Microscopically, skin lesions were characterised by moderate to marked acanthosis and orthokeratotic and segmentally parakeratotic hyperkeratosis with numerous intracorneal mites (Figure 4) . Intracorneal pustules and mixed perivascular and interstitial dermatitis were indicative of secondary bacterial infection.
Epidemiology
For the series, a higher proportion were males (n = 33) compared with females (n = 18) (χ 2 test statistic 4.41; P = 0.04). The least number of cases were detected in the winter months (5 cases) and the largest number in the autumn (20 cases) (χ 2 test statistic 8.78; P = 0.03); 16 cases were found in summer and 14 in the spring. In 3 of the cases the specific month of detection was not recorded (Table 2) . Differences in the proportions of cases by sex and season of identification were not statistically significant for each state because of the low numbers of koalas in each strata.
Discussion
We describe outbreaks of sarcoptic mange in free-ranging koalas from Victoria and South Australia between 2008 and 2015. The predilection of Sarcoptes mites for the superficial layer of the epidermis leads to classic thickening and scale in affected koalas, resulting from parakeratosis and acanthosis. The distribution over the distal foreand hindlimbs, particularly the interdigital regions, and the face was consistent with that previously reported in an affected captive koala, 14 but differs to that reported in wombats, in which lesions are typically distributed over the anterolateral body. 5 The distribution of lesions in koalas may be related to the areas of skin in contact with trees, suggesting that in some cases the mites may be harboured on the surface of branches and transmitted between koalas. Alternatively, koalas may become infected when they are on the ground moving between trees, from mites that foxes have left on fomites. The severity of skin lesions and the multiple life stages of mites in the examined koalas were consistent with a chronic infestation that would have taken weeks to months to develop, as has been reported in wombats. 6 In this study, many of the koalas were found dead, presumably as a result of septicaemia from severe bacterial infection of affected areas as a result of the lack of treatment.
The initial cases of sarcoptic mange on Ulupna Island were most likely transmitted from foxes, given several foxes with clinical signs of advanced mange were observed in the region and common wombats are not found in this area of Victoria. In South Australia, the location of the index case near the southern border of the Belair National Park suggested that a fox was also the most likely source of infection, as a fox severely affected by mange was identified and removed from the park during the same week by the Royal Society for the Prevention of Cruelty to Animals (G. Underwood, pers. comm.). However, the proximity of this koala to urbanised areas does not exclude an origin from domestic dogs. It is unknown why the emergence of sarcoptic mange in wild Victorian and South Australian koalas occurred within a similar time frame, but may indicate a spill-over from endemic hosts such as foxes.
Male koalas were over-represented in both states and may be more likely to become infested with sarcoptic mange because of their roaming and fighting behaviour, particularly during the breeding season in spring. 15 Overall, the least number of cases occurred in winter. By contrast, wombats are reported to be more likely infested with sarcoptic mange in winter, thought to be related to transmission events caused by increased burrow-sharing and prolonged mite survival off the host in the burrow environment. 6 In wombats, another risk factor for S. scabiei infestation is thought to be host susceptibility, which may be exacerbated by poor immune response caused by stressors such as drought and food shortage. 6 
Conclusions
This is the first report of outbreaks of sarcoptic mange in freeranging koalas, with multiple transmission events occurring within a similar timeframe across two states, Victoria and South Australia. Increased surveillance will be necessary to monitor the effect of mange on koalas, with considerations for methods of control and management, and effects on wildlife welfare. The prevalence of S. scabiei in koala populations and the risks of infection affecting koala conservation status in populations that may also be affected by chlamydiosis and koala retrovirus also require further investigation.
This investigation also demonstrated the value of wildlife health surveillance collaborations between the public, wildlife carers, veterinary practitioners, zoos, staff of state wildlife, agriculture and national parks agencies and university veterinary faculties. Key cases have also been provided to Wildlife Health Australia's national electronic wildlife health information system (eWHIS). 
